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WITH RFODIti!, IiRIDIb!,', R1JTUT.•XIIW', C!R0O•IU1-M,

AND ALLtMINI•J SY TI-FME BND-TEST i,'ETHOD
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Fdollowing is a translation of the article "issledovaniye
zharoprochozsti splavov platiny s rodiyema, Jridiyem, rutenryem,
khrotiom i a-,.)ineeq ietodoom isglball (Ennglish version above) by
T. I. Kornilov and 11. S. Polyakova in Doklavý institute •ta-

2urii ir±ieni As A. Baykov (Reportsof the Institute of ietallury
imeri A. A. Baykov), No. 5, Production Metallurgy, Physical Meta-
]lurgy and Physicocherical Methods of Research, lMoscow, 1960,
pago••s 139-2A44J

Much theoret.ic and experimental material has been accu-
wiulated on the study of the heat resistance of it tal alloys
depending upon chezrical composition and tea.pera(ure. In work (1)
A. A. Rochvar has shown that the weakening temperature for pure
.-etals corresponds to the temperature of recrystallization,
i.e., 013-0.4 of the absolute melting temperature. In case of the
forration of solid solutions of a T-.etal with other elerents there
is a distortion ol the spatial lattice, resulting in an ircrease
in the stren.th and a dirinution in the plasticity of the alloy.
lence, for netal alloys, unlike pure metals, the weakening tempe-

rattxe is 0.5-0.6 of the absolute melting temperature (2). It
hs recently been shown that in conplexly alloyed (multi-component)
solid soluti-orns of r.etals the hardened state is maintained up to
O.7-O.E of the absolute rnelting temperature of tV.o alloys (3).

Thus, one of the decisive factors in the raising of the heat
resistance is the muj.ti-com.onent alloying of solid solutions of
metals. This contention has found confirmation in many examples
frort the study of the heat resistance of metal systems diepending
uPon the chelmical composition, structure and temperature (4-s).
For txar ple, pure metals -.- iron and nickel -- weaken sharply at
te•,,porat.,res of 700-9000, whereas alloys-hav-ing them. as bases are
fairly strong at those temperatures. It has been demonstrated from
ti-e exaiple of nickel and its alloys (3, 7, 8) that by compli-
cating the chemical cowmposition, the tenr.perature limits of their 0
hardened state grow considerably in spite of the reduction of the 0
melting poi.nt of the alloys. Thse contentions may be true also for
alloys based on other refractory metals.
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The literatu~re con~tai~ns nr~ey works devoted to td.e study of
the "heat resl.-;ta-rce of al bFase.& on ironi, nickel, chron:iur and
ct'rer rtJ, mtLreare ao.tno orc on~ the hea. r sizac

The ]teta- c~f th., ..- 'r C'tc .- rco
of the neriodic systei-. anc '~o~to th-c e :e.-rcot, ^y c, Tes abl- I
gives the m:elting .--olrnt.3 a--. certain prorcrtio-z of' thse

ital eloit+ng Typ~e of' crysta'..JYst;, -71 rir1
Po~ith lattice 3 1. 1 ia rd r)es S

P~tu 7?3 T 'ace-centere. 214 31 1 0( c
Palladizzr' 1551;1~ 12j,25 "L. 37 40

Rtut) ýerdx 2450 e x a gc -,a'-. 12,2 220 42 000
riim. 2454 IFace-contered 1 225 1163ý 525ý

j.:; ý7,c) r el56
~500 He~gor~a120, 0 -7

TIhe netals of the plati anur grou-), z~einr- ana~i~oýýoi to -iro;n
arncj niske1, are .incllned to forxa ccntir.vous and limited so-li*d
So:l,'f cm2 'VJth -'uch mietals as iron, co'balt, nio'kel, rhiodiur..-,

, 1 VUFI' 6cf opltcrr platfnu"::ifcr continuous sol'.u
L tin. Tlow.eveý,, s.al) waccdt~ors olC nc'n-pJatirlic r;etals3

" e ~racbi lover'- ý.e corrosion rczic'ltance of rp1atinur, ar(.i tiYe
SI of' t ,e ý.la" 'milr frcm. V..nes *);a iv-,*tirwwc& the

eflfecl' of aloi~rl.,- oircments. oni thpe hjarjness --f' platiln:.ý;:. and lhan slhown
tfc 4  i'r vrrs sia~rply ac. a- lrolsult of arcdi-rog such 1.etaJ.1 as

2 *.. rt. nii,, 2Ler, cocrper an-rc:.7 Al ½firx. KAle:; (10))
~.itat~dth-,e ctlrcnfth of rpure z~etain tit 11gb. tenpcratures

* ~ ~ ~~ ~cn:ie thcx&. Mhe aut'-.(.r detýýri...ned the. tems-lon
I.,'-~ 2 defor-a.tJcr1 ir, 24 ho~rst ut 10CC0*O an;d cor:!,trilcted a

njjru s) owxnf thý,e dependence of' t'.c ten-siors ,--on 1,11- atcnmic numTtber
lo uho ' ~~;ot of th~e trar.512tional c 'cps of th,.e tiaeq 1.)l- pn~Friods
Of t'.-. porlcccc sy-te,,.i. The wor': Sh-ows that plat~lmo .ap- paiiadiurm
are n'r;~lastlý-ic: at 10000 a. terision; of 9.16 kg,/scq ml- deifor".viL
botl-; Iealc I~n 24 shlowed grcater StrengtIh:
It rqio.4,7 f,17/sq . zi to dcf'orc, it 261"';i 2/, hovirs at 10061'.

Tr½~L. rovcod to ',,e the .ost resistant of tt.e plat-Imup. metals:
L;U has t~re saae resistance as tungsten. -



Work (11) is devoted to an investigation of the 'hardness
amd elasticity 12odule of the p;re netals at 11.gh temperatutres. The

aut,.:u" nvet~iate ?.,atnnm pal•-.l~r,,ruther•.JL,.. arnd .4riddur: when

~ *~ {3N~ ~ ~:ow:'-3 that tic ýMrd f m A r.iii'a an!s rhud i za
dei JA (,-r" `-,Cresed 'te: r.tur tL r. -n a
sir-lar one ior the c-•las;ticity ,o ". we•.;cr, •!a:.:,vum a. p:A.a-
diuiw behave somewhat differently. With. a temrerat-ire rise to '100-
60 0 '. the hardness of platinum scarcely changes, and orly abovo this
temperature is a noticeable decline in the hardness and elasticity -

m~odifle observed.
The present work is devoted to the st.dy of thu tieat resistance

of pla-insrn with alloying additions of rhodiuni ir-dmiji, t.h.,iiuia,
cumturim and alumimn'm. The test was ,irade by L•%.-,e b metod i:•_
fimnace specially designed by V. S. Mikheyev in an atoope cf air
or •n a vaouimm at 1100-1200.

A tube of heat-resistant alloy. No. 2 with an insido dle';:eter
of 9010 rrm was placed in a Silit furnace. The s.uoles in the forPL
of rods 3 mm in diameter and 25 mim long were L-serted from the two
sides into fire-resistant magnesite brick and Were ,,i~1ted with
We:Ights of heat-resi stant alloy El 437. The little weights were
computed according to the length and diameter of the samplo. A
window was a:ranged in tl- tube to observe the berdling of the amwple
in the prccess of testing in air or in a vacuum (Fig. i). The torece-
ratt:re in the tube was determined by a piatinuu-plati.or}o, :him
t..eo:ccoupl.e and regulated by a thermorernlateir.

The sanples for the investigation of the resistan,;e by the
bend.ing nethod were prepared in a high-frequency furnace. The
moitto.n -n.tWl was pim.fmed into porcelain tubes 3 ni in dimianter.

The •Ieaso:rms of heat resistance adopted werc the te.mpe-
a'.r '. hich Lhe prescribed bend is reached (6 vium for Iow-re-i-

a.t cc alloys), or the time when the bend is reached at 1.50o (for
.;i. ,ciistance ,...Ioya). The test temrperature was 11500, and the
berhcdin.l i,ension 15 kg/sq mm.

'i`hj constant. conditions of temperature and initial, tensl.on
.. ` fect of the chosen eilements on the heat re-isitance

cf ,:.-'-e platinu., to be., studied. Aloys of the dual syst-:ms
p,.�. -'t I-.rod i -nv piatimn,;-irid pl u, r'.atintur,-rutheni-m;, plati rnit-
a_,,n:ir•, and plati.-m-chromiur., were exmliined.
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To stu~dy heat resistance by the bend nethod we used alloys
from the area of solid s:-1utlons of plat-niwrl withl ID, 20", 30 and

~ 2e n:nti it%!s, w~.th VhIs G d.j cont nt -.roved to

hr-q~nq tre bent. ~.at '~i.3- the 2 .. ,~2~i .e'~-

rauc; T'he ru..eof th..e vai. : sl-l i';?a)i 3

-Table Tal

C'te~, IThYrperature at Cont-3r, 'P Tec erým ti ie at
-A- V E-r.j bend we ei. g t1 wihlch 6 --, bend
was ached, ---I was reacr-ý,ec,

X ~-4011001A 20 0 100 ~ 20
10 P00 s 10 90900

850 2 0 80 1000
30 ) 1 0070050

116 6c) ~ 1000 010

It l'ollows from T~ablee 3 that all alloys containing up to
4f.'+ T' 2 r tc they beat befCore a twm'prature o.,f 11501 was

~&chd. d z, I.sweer,~rtalI -hlardens niatinw-m. T.hizo nvay
.Yý srnen fro,. Tabe 3. An especially sharp 1c. .peratur iei

o~zrvci 2~a Rh content,. lonscquently, the la,'ttr cons>-
ra*era.-JL' t1ic rieat res-ista-vce Of T)Iatinuý.

atin-o rd~msrs~ Accord,.ng to (112-17') this systen fo -.s
Cont~niSsolid~ solutions. However, i~nvestigatiorýn (E) establi1.shes

the deco. posiltion of the solid solutfior. !-,-to two inase s, the solu-
'ýIit.: 1L-r!it~s at 7000~ beiria confined to a contentof79 Ir

As the A-ri-d~iz content Is l~jcreased, the plart`.clty of the
allo;',s drops sliexply. Thus, an alloy containi~nc 35" Ir is hard t''o

To inivest ;.0ate heat rf-.sistawnce by thc bend :m-ethod at 11500
and Q_ 15 .,,,/3q =a., we usid alloys corxtainite, 10, 20, 30 and 4tOf- Ir.
The alloys of thi-4 systert, also turned ouit to be ~-plastic, be-At in t'he
I :c:at JnE pr!c'!ce.;33: and reaci-Od a 6r bend at different teinperatUres.
T'_e CT:1t~i. -Ms ý)f the alloys anid tlie resul-ts of their teSIS Lre

ý-Ie Table. 1".
As ma~y be seen., the saiiples of alloys se*,nt _nder loading In

t',io etL process. It may be noted that the alloys gradually
becor.e stronger with an increase in the iridiix- conten.t, wh..ich 1s



jconfirmed by the rise of the b-niding temperature from rooxi for1
,,-ure platinii to 1100 for a±n alloy conta-ining 405' 1r.

4'-o5t.' *±-CW 'K.et" t.. -

si~nce the compouents; pos.se s different crystal-laJt~tir.Oe sitrtlcttu*ýS.
-T'le meceharticalI pr~o~rtles of the alloys of platinium vilth rutVhniuia

ars studiAi. n 1 (3.6-).
Rn 1-Jiv u: n, Litke Ir dium, sharpi..y raisae the :ýtrangth of

r --t.jr. knail,1:Iy' coYntaihiin-, 151% R;J beconiecuuq x'rhi. ~1u o
'j~tL5~ RU il 311."Alav- in~ mec~hanical p.,oportieM3 to an a1yc ii tiu

twith 1(Y; Tr,,
We h~a" studied alloys with 1.0,, 20, 30 and 4CJ,, Ru. Vth't r,ýsulta;

arc- given in Tab'Le 5.

1",.'ntont, by xli~ght Terqi*:rature at uwhiah k6-mv bendv. weas
reached atO' 1 5 kg/sq mri, C

10 90 900
20 ~ ~ ?0 3150 after 30 cme

31) 101150 aft~er 3 ~~r
0) 115,0 after 3 hotu'

As mnay be seen, ruthe-nlun consi~derably Vicen~e t0h ~St-regth
of -olatinu'r. 1V11hile anl alloy containin, 1031" Rubi) at 9000, alloys
contai nilrip "'0" ih or rove st~and a heatinr' tai~l-Perat~ire tp tu, 1150("
for sor;ne tirj. A:, the ruthenium, content, Is ra-i-sd,, thto tifliý taken
to reach tV:C-iea bond at 11500 grows, and is 'ý licurs for 4(") thi.

n !s~L-& Thnsi far the Ft~-Ali asyt(om ila been
irivr-r:tiijrateziu to 7T0% by weight. As, es-tabli-btod -in (2o)', aliilinim

~ot i3217ep1!t1nfu;% in t!ýe Sifstato at all. Accovding to
t-hce Jalta of (:1.), tie ~oolubi3it..y of aium.1niu'i Ax plativ'i-. 6'"

Trivc-7tiIrat~or of 1heat , by tfi, bend- i:tthod' at 315
!rnd :U. t.:r, oft -1'15 kg/aq -mm was iuatde by us on alo.3)y;cnbi.n

2.5, & 7 .5".Al by weight., and I~v pa platiniza base and
n12rl-linnred by outectIc. A1.1 the alloys of thtit sytem proved to be

Ibi.ittle and l41h sampleos broke under tensaion before reachir, 11500

.6



Henct, doesF not appe~ar ;)ogssihle to draw any conclusions albot
t]1,2 effecot ofovln~x n tne heat rewsStance of p ainur-.

one wc rto~ a lil.atrA ex-tont. 'Tv.c, c-cv,poun~ds are fr ¾
S:Tsta.o: one of as reý.Ot &2' the deccjr.Tios-i*tio'n of thp 5oid.
- s~uT uit.bL~. to th.e cornpc-nds of the Kunzvtype (2(.); -

thel secomrv "Pt, Cx ,> cryst~allizes at the mx-Lawi- on the f"-isibility

.1pe 'lavc 31tuclded -Ileat resistance ½. allcys withr 10, 0210 and
Y"', Cr b~y wul4,t. Tl~o esu are- eivc- -.in Tao.le.

Tabl e 6

2oten,, by wegt } Temperature at which 6v-inr e~ a ece

at4Jr 15 Ykg/so mc
1-1t

2~I) 1150 after 60 haiirs
20 fl1150,, broke af~ter 1-0hor
33 7 1150, bro1ce after 25 houirs

,Trdiiýe t, i Iljcy-- of the yjreceailne moqen~ a-1l t1hroe antmoo-
vs c. ' -PfL &tn~ wt hrru stcod up to .21.5o~ with-

-mW-i'dner a ttýinso)-: of~ 15 Jkg/.sýq mi. T-he alloy with J.0ý C'r
~ .'- c %c: "ry-;-d at, 115$i' dvring 60 hours. Tho alloy containing

.,f, 2.ý- by -xelgllt dId. act- bend for m~ore tiwan 170 houirs; that wt
2O r Oefter 25, hou~rrs e:. of ,:aeat brituleness. It shuiad

fl( ~( ~7' twi-LS aJ11cys lb~eco:rxer, t a.'; the cx'oax ccnitent, is
z~r~ed and are sh~~rdwithoujt dieform.zation (Ith'i edn)

1. Woiur t-ren~gthens s~ure pl~i~2,but the alloys becoev,
vr;ry pýas.Uc d'x, n eated, and they bend at 9f

2. The afloys of the platim=.-Iridiium syst~en are plast-ic,
but -Y.Ieir pl1astiAcity-, diiishss the iricduuivi con-tant. is increased;
an allny wih4a) Ir 'has a 6-mm- bend at 11000.



I - 3. Thealloys ol' tj~e pltnsrte~ i y:3teý- have3 greater.
stert~tai teal. j o ~ain ~ -ih rhodi, an-ci ir- d iurnx. An

allo-r wit-h 4Q&Ra stax~i- {. ac-;slued tetcn.-dAt-lons a t J.15Cf 0 n
to

of up -`o r are br~itt!Ný an brea'. imucnr a tuns2_ý.On 1w. 11711A
before rýýaching 11r500".

5.The -d-1.,yc of the pahu:crrx.syste:. hrave the
hii he 7t hcý t-rcs. ist.,,_Yt P. ' e&: tle S. Z11 the cQ1-3os t Ofin or &oYS
stanc lhea±tinrg t6 115T -ithout beindirng. Howuvnm-r, an ri :Threas~e in3
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